• The HLS gives an easy-to-use, holistic assessment of handwriting legibility
Introduction
As children progress through school, there is a growing demand for the production of legible handwriting at reasonable speed (DfE, 2014) . In the early school years the focus is on letter formation and joining, to produce handwriting that is neat and legible, both to the writer and to those trying to read the written product. The child must develop flexibility in their handwriting skill, to produce their very neatest writing when required (as for a wall display) and to be able to write quickly when in an examination. The development of fluent and legible handwriting becomes more and more important as demands increase through the school years. Children are expected to keep up with class work, to produce a greater volume of writing and to work in time-pressured situations. Handwriting has been described as a 'low-level' skill in the broader writing process (Berninger et al., 2002) . With a limited working memory capacity, if lower-level skills are not automated, they can impact on 'higher-level' compositional processes (Connelly et al., 2006) . This emphasizes the importance of identifying and supporting those with handwriting difficulties to ensure they are able to achieve their potential.
Teacher reports indicate that significant proportions of children in school classrooms have handwriting difficulties. For example, 12-13% has been reported in the UK (Barnett et al., 2006) and 23% in the USA (Graham et al., 2008) . These difficulties include having slow and/or untidy writing that is difficult to read. Children may have handwriting difficulties for a variety of reasons. Some have neurological or physical disabilities affecting the muscles or joints. Others have difficulties with motor control and coordination in the absence of a neurological or physical disorder, for example children with Developmental Coordination Disorder (DCD) (Rosenblum, & Livneh-Zirinski, 2008; Prunty et al, 2014) . Indeed poor handwriting is mentioned in the formal diagnostic criteria for this condition (APA, 2013) . Handwriting difficulties are also common in other developmental disorders, including Attention Deficit Hyperactivity Disorder, Specific Language Impairment and Dyslexia (Dockrell et al., 2011; Rosenblum, Epsztein, & Josman, 2008; Sumner et al., 2014) . Another group of children seem to have isolated handwriting difficulties in the absence of a more general motor difficulty or other developmental disorder. Sometimes referred to as 'dysgraphia', this may be associated more with inadequacies in teaching and practice opportunities than a limitation within the child (Berninger & Dagmar, 2003) .
Whatever the underlying cause, handwriting difficulties may lead to reluctance to write, underachievement and low self-esteem (Feder & Majnemer, 2007) . It is hardly surprisingly therefore that they are often a cause for concern to parents, teachers and to children themselves (Hammerschmidt & Sudsawad, 2004) and are the most common reason for referral to Occupational Therapy (Feder et al, 2000) . Despite the recognized importance of handwriting skill and the considerable number of children faced with difficulties in this area, there has been very little research to describe and quantify handwriting difficulties in children. This has in part been due to the lack of robust assessment instruments. Screening scales for identifying handwriting difficulties have been developed for capturing the teacher's impression from the child's handwriting production in class (Rosenblum, 2008) or the child's perception about his/her own handwriting production (Rosenblum & Gafni-Lachter, 2015) . These questionnaires provide a useful overview of various aspects of handwriting (including the motivation to write, speed of production, legibility and fatigue) but do not involve the examination of a specific sample of handwriting, Tests of handwriting speed (e.g. Barnett et al., 2007; Smits-Engelsman et al, 2015; Wallen, Bonney & Lennox, 1996) and digitizing tablets (with various specialized software programs) have been used to detail temporal and spatial aspects of performance (e.g. Rosenblum & Livneh-Zirinski, 2008; Prunty et al., 2014) . These allow for an examination of both general and specific aspects of fluency and speed of production across a range of handwriting tasks (differing in length and cognitive demands). However, there is a lack of robust practical tools to assess the quality and legibility of the written product. Some scales have been developed to assess in great detail different components of handwriting legibility (for example the extent to which letters match a standard, the consistency of letter size or spacing between letters) (e.g. Reisman, 1993; Smits-Engelsman et al., 2015) . Such assessments require scrutiny and measurement of single letters, can be time consuming to undertake and are therefore not practical for teachers to use in the classroom setting. Furthermore, the requirement to match the written sample to criterion letter 'standards' prevents their application to different written languages, handwriting styles or scripts.
Specially designed computerized assessments (e.g. Falk, Tam, Schellnus & Chau, 2011) allow for a faster and more objective measurement of specific criteria of handwriting quality (e.g. letter size, spacing, alignment). However, the relationships between such criteria and the overall legibility of the written text as captured by a global impression are weak (see Rosenblum,Weiss, & Parush, 2003) .
Furthermore, unfortunately such technology is not commonly available and using it is not a trivial or intuitive task for class teachers. In fact teachers need a standardized practical tool for the measurement of legibility to help them identify those with difficulties and determine whether the child needs support to develop their skills (Hammerschmidt & Sudsawad, 2004) .
The aim of the current study was therefore to develop a quick and easy tool to provide a reliable and valid assessment of handwriting legibility. The focus was on the assessment of a naturalistic (and therefore ecologically valid) handwriting task, which is easy to gather from large numbers of children in the usual classroom setting. The assessment is based on an overall impression of the handwriting (rather than a detailed examination of individual letters), with a view to application in different languages and scripts. The initial development of the tool focuses on children in the UK from the age of 8 years and upwards, who by this age will have received several years of instruction and should be developing effective skills of written communication (DfE, 2014) . The analysis of construct validity focused on the ability of the test scores to discriminate between two groups of children, those with and without DCD. As mentioned above, handwriting difficulties seem to be a hallmark of DCD, frequently mentioned by parents and teachers and even included in the formal DSM-5 (APA, 2013) description of the condition. The ability of the new tool to discriminate performance of these two groups is therefore important. A reliable and valid assessment of handwriting legibility is much needed in order to easily and quickly identify those with difficulties, provide effective support and thereby avoid academic underachievement.
Methods

Development of the HLS items and an examination of content and expert validity. Phase One
was based on professional experience of the authors (which included work on teacher's impressions of handwriting legibility), validated by a review of the literature. Five legibility criteria were established to form the basis of the new assessment tool, the Handwriting Legibility Scale (HLS). The five criteria were: global legibility, effort required to read the script, layout on the page, letter formation and alterations to the writing. Instructions for scoring emphasized gaining an 'overall impression' of each of the criteria in deciding on scores for each component, rather than a detailed letter-by-letter analysis.
Scoring instructions, examples and a 5-point Likert scale (from 1-good, to 5-poor) were developed to assess each of the criteria (see Appendix A). These were applied to samples of 'free writing' gathered as part of an assessment on the Detailed Assessment of Speed of Handwriting (DASH; Barnett et al., 2007) . Children had written on lined paper on the topic of 'My Life', with instructions to use their 'everyday' handwriting and to write continuously for 10 minutes, marking their script every 2 minutes.
In the UK there is no single, prescribed writing style. Schools are free to choose and there tends to be variability across schools (Barnett et al., 2006) , which was reflected in our sample. Some schools teach fully joined ('cursive') from the start but a semi-joined script is most common. The HLS was applied to writing produced in the first six minutes or at least ten lines of handwriting. Total scores ranged from 5 to 25, with higher scores reflecting poorer legibility. A one-page scoring sheet was drafted and scores were summed to provide a global legibility score. Ten scripts from children aged 10-14 years (including those with and without handwriting difficulties) were scored independently by each of the authors. This led to clarification of the wording and layout of the scoring sheet to improve ease of use. In Phase Two content validity was examined by asking 12 experts from different professions (teaching, occupational therapy, psychology) to independently evaluate the tool. They were provided with an example script which had already been marked using the HLS. They were also provided with three further handwriting scripts and were requested to apply the scale to these three and then complete a feedback form which specifically asked for their opinion about the clarity of each of the five criteria and the extent to which they felt each contributed to the construct of 'legible handwriting'. They were also asked for any additional comments on the new scale.
Examination of internal consistency and inter-rater reliability. Internal consistency (using
Cronbach's alpha coefficient) was calculated from the scores of 58 children aged 8-14 years. The writing scripts were obtained from children who had taken part in previous studies and included those with and without handwriting difficulties. Inter-rater reliability was investigated by asking two new raters to independently score the scripts from 20 children aged 9-10 years. This narrower age band was chosen to eliminate any differences associated with age, which might have made it easier for raters to discriminate between scripts. The new raters were both experienced class teachers who were trained by the first author to apply the HLS. Total HLS scores were divided into three categories: low (scores of 5-10), medium (11-15) and high (16-25) and inter-rater agreement was calculated using Cohen's Kappa.
Examination of construct and discriminative validity. To examine construct validity a
Principal Component Analysis (PCA) of the five component scores was undertaken to establish whether the HLS assessed one or more components of legibility. Gender effects on the total and item scores of the HLS were also examined, as handwriting is commonly reported to be poorer in boys than girls (Graham et al, 1998) . To examine discriminative validity the ability of the test scores to discriminate between a group of typically developing children and those with DCD (known to be commonly associated with handwriting difficulties) was examined.
Participants
For the PCA and examination of the effect of gender, a sample of 150 children (74 male, 76 female) aged 9-16 years was used. These children were drawn from the UK stratified sample of 546 children described in the DASH manual . As for the full DASH normative sample, the composition of this smaller sample was representative of the UK population in terms of gender, level of parental education and race/ethnicity, in relation to the 2001 UK Census data. Children were selected from a range of schools across the UK, including England, Scotland, Wales and Northern Ireland. The numbers of children at each age year are shown in Table 1 . There was no significant difference between the age in years of boys (M=11.47, SD=1.71) and girls (M=11.49, SD=1.72) (t(148)=-.05, p=.961). For the discriminative analysis, 29 children with DCD (28 boys, 1 girl) and 29 typically developing (TD) children aged 9-14 years and matched on age and gender were included. All children in the DCD group had undergone a full diagnostic assessment, meeting the DSM-5 (APA, 2013) criteria for DCD. Their parents reported difficulties with everyday movement skill and they had Movement ABC-2 Test and Checklist scores below the 5 th percentile.
Children in the TD group had no reported movement difficulty and had Movement ABC-2 Test and Checklist scores above the 15 th percentile. None of the participating children had a learning difficulty and all were free from sensory and neurological impairments.
Measures
Detailed Assessment of Speed of Handwriting (DASH, Barnett et al, 2007) Although the DASH includes several handwriting tasks to measure speed of production, in the present study only scripts from the 10-minute 'free writing' task were used. In this, the child is required to write on the topic of 'My Life'. They are given some time before writing to generate ideas and writing prompts are available during the writing period. This sample of writing was used to apply the newly developed HLS and the speed of writing was not of concern in the present study. Institutional research ethics approval had been obtained both for the collection of data from a representative UK sample and for the study of children with DCD and a matched control group.
Movement Assessment Battery for
Data analysis
A PCA was conducted to determine the factor structure of the HLS and t-tests were used to examine gender effects in the item and total scores. The discriminative analysis was undertaken in three ways;
firstly by comparing the HLS scores of the children with and without DCD using a Mann Whitney U test. Secondly a Chi-squared analysis was undertaken on the HLS category scores (low, medium and high) to determine whether the number of children falling into each category was significantly different across the two groups. Finally a discriminant analysis was undertaken to examine the extent to which the total HLS scores accurately classified children to the DCD or TD group.
Results
Content and expert validity. Independent feedback was received from each of the 12 experts,
based on their knowledge of handwriting, use of other assessment tools and practical experience of working with children. After rating three scripts using the HLS the experts completed a feedback sheet. All considered the criteria to be clear, although some commented that it would be helpful to have further examples where the HLS had been applied to different scripts, to help those new to the scale understand the separate criteria. They also gave some suggestions for revising the wording on the scoring sheet, for example to change the wording of the third criterion from 'organisation' to 'layout'.
Overall the expert opinion supported inclusion of the five criteria and feedback led to clarification of the descriptions and scoring instructions.
Internal consistency and inter-rater reliability.
Internal consistency was high (Cronbach's alpha 0.92). Inter-rater reliability was acceptable (Intra-class correlation .92, Kappa 0.67, p<.001).
Construct and discriminative validity.
In the PCA, examination of the scree plot and eigenvalues indicated a single factor solution was appropriate; this explained 61% of the variance. Table 2 shows the item loadings on the factor. Item and total scores for boys and girls separately are shown in Table 3 . Significant effects of gender were found on the total HLS score and three of the five item scores. The overall mean total score for the HLS was 12.8 (SD=3.24).
Total HLS scores obtained from the scripts of children with DCD (Mean=17.28) were significantly higher than those for the TD group (Mean=9.83), U=42.50, z=-5.89, p<.001. There was also a statistically significant difference between the groups on each of the five criteria (Table 4 ). The number of scripts from the DCD and TD group scoring in the low, medium and high HLS categories are shown in Table 5 . The 'high' category here is equivalent to more than one standard deviation above the mean of the larger representative sample of 150 children reported above (i.e. 12.8 plus 3.24 = 16.04 and rounded down to a score of 16). The Chi-square analysis revealed a statistically significant difference in this distribution of scores (χ 2 = 31.1 (df=2), p<.001). In the discriminant analysis, one discriminant function was found for the group classification of all participants according to the HLS final score (Wilks Lamda = .41 p<.0001). Based on this function 88% of the children in the entire sample were correctly classified to their groups, 86% of the children with DCD and 89.7% of the TD children. A Kappa value of .759 (p<0.001) was calculated, demonstrating that the group classification did not occur by chance.
Insert Tables about here
Discussion
Some children have difficulty using a pen to accurately form letters and words, making their handwriting slow to produce, untidy and hard to read. This may be related to a physical difficulty, poor motor control and coordination or other learning disorders. Alternatively it may be the case that the child has had inadequate teaching of the basics of writing and/or lack of dedicated handwriting practice. Whatever the underlying reason, poor legibility may lead to reduced motivation to write, low self-esteem and academic under-achievement (Feder & Majnemer, 2007) .
In order to support children with handwriting difficulties, assessment tools are needed to assist identification and to describe and quantify the problem. The degree of legibility or ease of reading a handwritten script may be different for different readers and hard to quantify. Development of the HLS was an attempt to identify those aspects of the text that contribute to global legibility, using a naturalistic writing task and without the need for detailed letter by letter analysis. The aim was to produce an easy and quick to use practical tool for teachers and clinicians. The five elements included were supported by expert opinion as relevant components. Overall readability and effort required to read the script is based on the extent to which the script can be easily read on the first attempt, without relying on the context of the work. The way in which the words are laid out and organized on the page also has an impact on the ease with which it can be read. This relates to alignment of the writing with the margin, spacing between the words and positioning of letters and words on the base line (Parush et al., 2010) . The accurate and consistent formation of letters is another important element, with errors often relating to missing elements of letters, poor closure or varied size (Graham et al., 2010) . Finally, alterations to the writing can also impact on the ease of reading (Rosenblum & Livneh-Zirinski, 2008 ).
These include crossing out, the addition of strokes and re-tracing of letters. In the examination of internal consistency, these five elements were found to be closely related to the total score. In order to examine inter-rater reliability the total scores were categorized into three groups: low, medium and high scorers. Inter-rater reliability based on these classifications was acceptable but not as high as usually required for assessment tools. Further analysis revealed that this was largely accounted for by poorer agreement between raters on the 'layout' component of the scale. From subsequent discussion with the raters it emerged that they were somewhat unclear about what to consider for this element and so further refinement and clarity of the instructions is required, perhaps with more examples for scorers. The four other components appeared to be clear with much better agreement between raters.
In future work it will be important to examine aspects of reliability of the final version of the HLS across the full age range and also in different groups of children with handwriting difficulties.
With any new assessment tool it is important to demonstrate its construct validity, the extent to which it actually measures the construct that it is designed to measure. We set out to develop the HLS to assess global legibility in handwriting and the PCA of the five items revealed a single factor explaining a large proportion of the variance. This supports the value of the HLS in the assessment of overall legibility. The factor loadings of the HLS items were high (above .8) for three of the items:
global legibility, effort required to read the script and letter formation. The loading was lower for 'layout on the page' (.68) and considerably lower for 'alterations' (.41). Rosenblum & Livneh-Zirinski (2008) have previously identified alterations in the text to have a negative impact on legibility.
However, in the HLS we included crossing out of letters and words as well as alternations to individual letters (adding strokes and writing over letters in attempts to correct their form). Our findings here and closer inspection of the scoring on this aspect suggest that these different kinds of alterations should be treated differently. While clear crossings out seem to reflect revisions to the written expression, alterations to individual letters are related more directly to letter production and legibility. The current version (Appendix A), therefore includes only the latter. Construct validity is further demonstrated by the finding that the handwriting legibility of boys was generally worse than that of girls, a fairly consistent finding in the literature that would be expected in a robust assessment of handwriting Graham et al, 1998) . Discriminative validity was examined by checking the ability of the test to discriminate between the scripts from a group of typically developing children and those with DCD, a condition where handwriting difficulties are known to be very common (Prunty et al, 2014) . Not only did the HLS scores differ significantly between the DCD and TD groups, they could also be used to correctly classify over 85% of children into each of the groups.
This provides strong evidence to support the construct validity of the HLS. It should be noted that our sample of children with DCD was composed predominantly of boys and that further investigation of use of the tool in DCD should include a larger proportion of girls in keeping with expected incidence rates. In future work, a similar examination should be undertaken with other groups of children with handwriting difficulties. Other aspects of the validity of our new legibility tool should also be investigated. This might include comparison with other more objective measures of components of handwriting quality, such as computerized measures of letter formation, spacing and alignment.
If a test is to be used to identify those with difficulties then it is necessary to select a cut-off score to denote poor performance . When the total HLS scores were divided into low, medium and high it was found that none of the scripts from children in the DCD group fell into the 'low' category (scores of 5-10), compared to over 65% of those from the TD group. Using the larger representative sample of 150 children the mean total HLS score was 12.8, with a standard deviation of 3.24. A common cut-off score is more than one standard deviation from the mean (Cascio, Alexander & Barrett, 1988, i.e. 16 .04 in this case) and equivalent to the 'high' category used in our analyses (scores of 16-25). With a normal distribution this identifies just over 15% of those with the poorest handwriting, a level which is within the previously described frequency of handwriting difficulties Feder & Majnemer, 2007; Rosenblum et al., 2003) and is considered appropriate for a screening tool.
At present we would recommend this level to identify those with poor legibility and likely in need of support to address their handwriting skill. Further work on the final version of the HLS is needed to confirm appropriate cut off points to distinguish between those within a range of 'borderline' scores where monitoring of handwriting would be appropriate and those with definite problems with handwriting legibility. This might include examinations of sensitivity and specificity as well as ROC curve analysis.
With further refinements the HLS may be useful as a quick and simple screening tool for the clinic or classroom, to identify those with poor handwriting legibility. In many cases, it would be appropriate to follow up those identified by the HLS with a more in-depth assessment of letter formation and aspects of legibility (e.g. Smits-Engelsman et al, 2015) . It is recommended in the HLS instructions that the amount of writing produced in a given time is recorded alongside the HLS items on legibility.
Although this gives some indication of production rate, any follow up assessment should also include a more thorough and formal examination of handwriting speed (e.g. Barnett et al, 2007) . Further studies are needed to examine whether the HLS would also be useful as an outcome measure, to evaluate changes in handwriting performance in relation to the implementation of certain support or intervention. The appropriateness and sensitivity of using the tool in this way needs to be considered by further examination of test-retest reliability as well as by comparing changes in HLS scores with changes on more detailed handwriting assessment tools (e.g. letter-by-letter analysis or temporal/spatial features obtained from a digitizing tablet).
We have outlined the rationale for the content of the HLS, described the stages of development and suggested its potential value as a global assessment of handwriting legibility in the clinic and/or classroom. It is also important to recognize the limitations of this initial work. Firstly, some of our findings suggest that further work is needed to refine the tool, rather than presenting this as a final version. Secondly, as with any single study, we have only examined certain aspects of reliability and validity and ongoing work will need to be undertaken to further evaluate its psychometric properties.
Thirdly, our examination of reliability and validity has been restricted to particular age ranges and groups of children. Future work should extend this examination across other groups in which the HLS might be employed.
Conclusions
The HLS provides an easy to use global score of handwriting legibility. Initial examination suggests good internal consistency and construct validity of the tool. However, further refinement of instructions is needed to improve the reliability of scoring and additional data collection and analysis to confirm a cut off point to accurately identify those with poor legibility. The HLS may then be a useful tool to identify those with poor legibility, to quantify levels of performance and to help plan how best to support individuals with poor handwriting. It may also be useful as an outcome measure following intervention. Given the global nature of the assessment of legibility in this new tool, the HLS is likely to be applicable across different languages and scripts. Future work will determine the value of its use beyond the UK.
